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(54) PROCESS CONTROL SYSTEM 

(57) A process management system in accordance 
with the present invention comprising inspection appa- 
ratuses for inspecting defects on a wafer, the inspection 
apparatuses being connected through a communication 
network, inspection information and image information 
obtained from these inspection apparatuses being col- 
lected to construct a data base and an image file, 
therein definition of defects is given by combinations of 
elements which characterize the defect based on the 
inspection information and the image information 
obtained from the inspection apparatuses. 



By giving definition of the defect, characteristics of 
the defect can be subdivided and known. Therefore, it is 
easy to study what cause a defect is produced by. 
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Background of the Invention 

5 [0001] The present invention relates to manufacturing semiconductor devices or the like and, more particularly, to a 
process management system for a semiconductor manufacturing line with the aim of developing products in a short 
time and improving the yield. 

[0002] A process management system of a semiconductor manufacturing apparatus is generally constructed in a cli- 
ent-server system. To an analysis station as the client and to a data base and an image file as the server, a wafer sur- 

10 face extraneous substance inspection apparatus and a pattern defect inspection apparatus for detecting defects 
produced on the semiconductor manufacturing line such as extraneous substance particles attaching on a wafer sur- 
face and pattern defects, an optical review apparatus for checking the detected defects, an SEM review apparatus and 
an FIB (focus ion beam) apparatus, and a probe inspection apparatus and a testing apparatus for testing operation 
(function, performance) of an LSI are connected through a communication circuit. 

75 [0003] Inspection information obtained by the inspection apparatus and the testing apparatus is online collected into 
the data base, and image information on the process defects and LSI operating defect points obtained by the review 
apparatuses and the FIB apparatus is on-line collected into the image file. 

[0004] The information on-line collected in such a manner is used fa pointing out important defects, for diagnosing 
the defects and for taking a countermeasure against the defects. 

20 [0005] In a system disclosed in Japanese Patent Application Laid-Open No. 3-44054, each of the probe inspection 
apparatus, the extraneous substance inspection apparatus, the visual inspection apparatus and the like has a data 
analysis station as a means for efficiently taking such a countermeasure. The analysis station is provided with arrange- 
ment information of chips on a semiconductor wafer defined on the kind-by-kind basis so as to have a function to judge 
which chip a defect or the like belongs to. Thereby, a situation of occurrence of defects and the like can be known on 

25 the chip-by-chip basis. Further, by connecting between the above-mentioned inspection apparatuses through a com- 
munication fine, the situation of occurrence of defects and the inspection results of the defects can be understood. 
[0006] Furthermore, the display mode of the output results is unified so that the output results are easy to be under- 
stood when the data is analyzed. 

[0007] Further, Japanese Patent Application Laid-Open No.48-39172 discloses a construction in which defects are 
30 classified on the type-by-type basis, and a predicted yield on the process-by-process basis is calculated from a proba- 
bility of producing a defective semiconductor caused by each of the defect types and number of the defects. 
[0008] The above-mentioned conventional technologies are insufficient to analyze the defects, and also insufficient 
to point out the defects and diagnose occurrence of the defects since number of items clarified as the result of the anal- 
ysis is not so many. 

35 [0009] In addition to this, there is a problem in that reliability of the predicted value of yield is low since the prediction 
of the yield is very rough. 

Summary of the Invention 

40 [001 0] An object of the present invention is to provide a process management system which is capable of effectively 
pointing out the defects and diagnosing occurrence of the defects and capable of predicting a highly reliable value of 
the yield. 

1 . The process management system in accordance with the present application has display modes as described below 
45 in order to perform data analysis. 

[0011] 

(1) Distinguishing display based on data on wafers or chips: 
so According to the present invention, the distinguishing display for data analysis is performed based on various 

kinds of data on wafers or chips. Although the details are to be described in the section of Description of the Pre- 
ferred Embodiments, the process management system of the present invention comprises the following display 
modes in order to more effectively point out the defects and diagnose occurrence of the defects. 

55 • Enlarged display based on defect inspection data 

Display distinguishing between defects which have been reviewed and the other defects based on defect 
inspection data 

Display distinguishing between scribe lines and the other regions or between defects on the scribe lines and 
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defects on the other regions based on data on the kind-by-kind basis of wafer 

• Display distinguishing among regions having different characteristics obtained based on arrangement data of 
chips on a wafer 

Display distinguishing among regions having different distribution states of defects which are obtained from a 
5 defect inspection apparatus or the like 

Display distinguishing regions where a defect of the same kind is expected to repetitively occur on the region- 
by-region basis 

• Display of a defect density map and a defect probability map 

Display recommending review positions for review work by combination of the various kinds of displays 
10 described above 

(2) Display on the inspection apparatus-by-apparatus basis and on a manufacturing process-by-process basis: 

Display dividing between processes 
is • Display tracing processes 

• Display of defects changing with process 



Further, the following is provided in order to make the above displays clear. 
20 (3) Function for setting definition of defect size. 

2. Prediction of the yield of wafers or chips on the wafer: 

[0012] The process management system of the present invention has the following elements in order to make highly 

25 reliable yield prediction possible. 

[0013] According to the present invention, the process management system is connected to inspection apparatuses 
for inspecting at least defects on a wafer through a network to form a data base and an image file by collecting inspec- 
tion information and image information obtained in these inspection apparatuses, and the management system com- 
prises a means for classifying the defects on the basis of combination of elements characterizing the defects of a wafer, 

30 and a yield of the wafer or a yield of the chips on the wafer to the combination of elements is obtained based on a pre- 
determined correlation table of yields of wafers or chips on the wafers to combinations of defective elements. 
[0014] By the construction described above, the yield can be more strictly predicted based on the characteristics of 
defects since the defects can be classified in detail on the basis of the characteristic of defects. 
[0015] Therein, it is preferable that the combinations of defective elements (defect classification) used in the correla- 

35 Won table are precisely set in a strong correlation with various kinds of faults as a premise. Further, the process man- 
agement system of the present invention comprises a means for obtaining the strong correlation. 

3. Data management: 

40 [001 6] In the present invention, the inspection data obtained from the various inspection apparatuses is managed by 
the following management means. The details are to be described in the section of Description of the Preferred Embod- 
iments. 

(1) Encipherment of inspection information 
45 (2) Setting of management reference values 

(3) Automatic reporting function 

(4) Common download function 

Description of the Preferred Embodiments 

50 

[001 7] FIG. 1 shows an example of a system construction. A client-server system is used in the system. 
[0018] Analysis stations 3a, 3b and various kinds of inspection apparatuses and testing apparatus as the clients are 
connected to data bases 1a, 1b and an image file 2 as the servers by a communication network. 
[0019] Each of the servers and each of the clients have functions described below. The data base server and the 
55 image server perform management (updating and retrieving) of inspection information stored in the data bases and 
image information stored in the image file. The analysis station performs reading out necessary stored data from the 
data bases and the image file, and forming and displaying the analyzed data. The inspection and the testing appara- 
tuses acquire inspection information and image information, and input them into the data bases and the image file. 
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[0020] The inspection information and the image information are constructed, for exampl . as follows. 
[0021] The inspection information is composed of various kinds of data on the kind-by-kind basis which are different 
from one another depending on the kind and various kinds of data on the wafer-by-wafer basis which are different from 
one another depending on the wafer. 
5 [0022] The data on the kind-by-kind includes the following information. 

Wafer size 

Chip arrangement data; chip pitch, chip matrix 
Chip pitch; chip size 
10 • Chip matrix; chip coordinates, chip name 

Exposure field arrangement data; field pitch, field matrix, pitch matrix inside field 
Field pitch; field size 

• Field matrix; field coordinates 

Chip matrix inside field; chip coordinates, chip name 
is • Inspection block arrangement data; block pitch, block matrix, chip matrix inside block 
Block pitch; block size 
Block matrix; block coordinates 

• Chip matrix inside block; chip coordinates, chip name 

20 [0023] The data by wafer includes the following information 

• Wafer data; lot number, wafer number, process name, processing apparatus name of the process and so on 
Inspection condition data; inspection apparatus name, inspection recipe name, management reference value, 
alignment pattern position coordinate data and so on 

25 • Defect inspection data; defect number, defect size, defect position coordinates, defect classification code, review 
information and so on 

LSI operating test data; chip data, data of defect point inside chip and so on 

• Wafer-by-wafer basis; chip coordinates, conforming item/defective item, defect classification code and so on 

• Chip-by-chip basis; defect number, defective point position coordinates, defect number and so on 

30 

[0024] The position coordinate data included in the operating test data is physical position coordinate data used in 
inspection which is converted from logical position coordinate data used in operating test. Conversion to the physical 
position coordinate data is performed using a position coordinate conversion interface. The interface is to be described 
later in detail. 

35 [0025] The data base storing inspection information and the image file storing image information are constructed in 
a decentralized type, and are composed of the inspection data base 1a, the operating test data base 1 b and the image 
file 2. 

[0026] The operating test data server has the logical/physical position coordinate conversion function described 
above. 

40 [0027] There are an analysis station 3a connected by a local area network and an analysis station 3b located in a 
remote site through a public communication line. Communication between the server and "the remote site analysis sta- 
tion 3b connected by the public communication line" is performed using enciphered data through an encipherer and a 
decipherer 4 placed between them. 

[0028] The data transmission by encipherment is performed when data is transmitted to an external system (for exam- 

45 pie, to a client outside the local area network). 

[0029] That is, in a case where data cannot help being transmitted through the public communication line though the 
remote site analysis station is placed in the common network, it is possible to prevent the data from leaking out of the 
public communication line by placing the encipherer and the decipherer in the public communication line. 
[0030] The inspection data is secret information which should be kept from the outsider since a manufacturing scale 

so and a yield of a semiconductor manufacturing line can be easily estimated from the quality and the quantity of the 
inspection data. On the other hand, the inspection data is meaningless if it is not retrieved and analyzed by many engi- 
neers engaged in improving yield in a lot of semiconductor manufacturing lines in order to effectively improve the yield. 
The essential elements described above are particularly effective for preventing leakage of the inspection data informa- 
tion which is retrieved and used at many sites though it is secret information. 

55 [0031 ] An aspect of an embodiment of the present invention will be described in detail below, referring to a semicon- 
ductor manufacturing line having inspect n/testing apparatuses and groups of pattern forming apparatuses as shown 
in FIG. 1. 

[0032] The inspection apparatuses and the testing apparatuses are a group of wafer outer appearance inspection 
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apparatuses 5 such as an SEM type pattern defect inspection apparatus and the like, a group of worked pattern inspec- 
tion apparatuses 6 such as a pattern dimension measuring apparatus, a pattern superposing inspection apparatus and 
so on; a group of formed film inspection apparatuses 7 such as a film thickness measuring apparatus, a film composi- 
tion measuring apparatus, a film characteristic measuring apparatus and so on; a group of ion injected state inspection 

5 apparatuses 8 such as dopant concentration measuring apparatus, a dopant profile measuring apparatus and so on; a 
group of reticle related apparatuses 9 such as a reticle extraneous substance inspection apparatus, a reticle defect cor- . 
rection apparatus and so on; a group of physical analyzing apparatuses 10 such as a TEM, an AES, a SIMS and so on; 
a group of fault rescuing apparatuses 1 1 such as a wiring correcting apparatus for correcting a wiring pattern formed 
on a wafer and so on; and a group of pattern forming apparatuses 12. The pattern forming apparatus 12 has a function 

10 to transmit pattern design information such as a pattern density and so on to an analysis station corresponding to 
request from the analysis station." 

[0033] Further, a review apparatus (an apparatus for precisely inspecting defects by forming a defect image) for clas- 
sifying the defects so as to be easily analyzed is also connected to the communication network. 
[0034] The inspection data obtained by each of the inspection and the testing apparatuses is added with additional 
is data such as kind data, wafer data and so on, and is input and stored in the data base as inspection information. The 
data base server performs retrieval and updating of the inspection information. 

[0035] The data on the kind-by-kind basis, the wafer data and the inspection data are commonly used in each of the 
inspection and the testing apparatuses. Each of the inspection and the testing apparatuses can read out and use the 
data on the kind-by-kind basis, the wafer data and the inspection data from the data base by specifying them. In a sem- 
20 iconductor manufacturing line in which frequency of changing in the process conditions is high and many apparatuses 
of the same kind are used, the essential element of download is particularly effective for decreasing work at changing 
the condition and preventing occurrence of faults caused by a mistake in the changing. 

[0036] The inspection data stored in the data base is used (T) for forming analysis data in the analysis station and @ 
for observing and analyzing defects precisely using the review apparatus and the physical analyzing apparatus. 
25 [0037] Description will be made below on (J) the forming of analysis data and @ the observing and analyzing defects 
using the review apparatus. 

0 Regarding the forming of analysis data: 

30 [0038] The analysis stations 3a, 3b are apparatuses for forming the analysis data described above, that is, for forming 
and displaying (1) wafer outer appearance analysis data, (2) yield analysis data and (3) wafer outer appearance - yield 
correlation analysis data. 

(1) Wafer outer appearance analysis data: 

35 

[0039] FIG. 7 shows an example of a display of analysis data in wafer outer appearance analysis. The wafer outer 
appearance analysis data is data on defect distribution and on change in occurrence of defects formed and displayed 
based on the inspection data. The wafer outer appearance analysis consists of functions of defect map, defect density 
or defect probability map, change of defects with process, defect level management in addition to data base retrieving. 

40 [0040] Here, the defect is defined as follows. That is, in regard to a defect having a problem in "existence" such as an 
extraneous substance particle attached on a wafer surface, a pattern defect, an extraneous substance particle attached 
on a reticle, a reticle defect correction mark and a wiring correction mark, a state in which the "existing type defect" 
exists on a wafer or a reticle is defined as a defect. In regard to a defect having a problem in a "state" such as a pattern 
dimension, an accuracy of pattern overlapping, a film thickness of a formed film, in-film stress of a formed film and a 

45 dopant concentration, a state in which a measured value of the "state type defect" is out of a range of specification is 
defined as a defect 

[0041] A magnitude of the existing type defect is expressed by size, and a magnitude of the state type defect is 
expressed by a measured value. 

[0042] In regard to a defect in connection with a reticle such as an extraneous substance particle attached on a reticle 
so or a reticle defect correction mark, a value converted on a wafer is used as the size or the measured value. In regard to 
a defect expressed by a vector among the state type defects such as an accuracy of pattern overlapping is expressed 
by dividing the measured value into a magnitude and a direction or an x-component and a y-component. 
[0043] In order to displays shown in FIG. 7, the following process is performed. 

[0044] Initially, an analysis range, that is, an inspection data retrieving range is specified by specifying wafers to be 
55 analyzed with AND conditions using a kind name, a lot number, a process name, a wafer number, a period of time, an 
inspection apparatus name and so on. By doing so, data in connection with the specified wafer is retrieved from the data 
base and read out to the buffer memory. 

[0045] Next, a requested display format of the analysis data (a graph format such as a map, a chart of change with 
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process and the like and items and scales of the ordinate and the abscissa and so on) is specified. 
[0046] Thus, necessary analysis data can be displayed on a screen using the above-mentioned retrieved data. An 
enlarged view of chip and a defect image can be extracted from the map, and a map of a specified wafer (an extracted 
map) can be also extracted from the chart. 

5 [0047] Further, information for tracking down cause of a fault or cause of occurrence of defects can be obtained from 
a checking map, for example, information in connection with fatality of defects can be obtained by checking a defect 
map with a yield map of the same wafer, process tracing of defects can be obtained by checking a defect map of proc- 
ess A with a defect map of process B of the same wafer, repetitive defect information can be obtained by checking a 
defect map of the wafer A with the defect map of the wafer B of the same process. 

10 [0048] In this embodiment, checking of various combinations can be performed since based on the inspection infor- 
mation the other inspection information and image information are managed. FIG. 7 is such an example of display. 
[0049] Examples of various kinds of displays of wafer outer appearance will be described below in detail. 

(1 -a) Defect map: 

[0050] A defect map is formed by plotting a result retrieved from the inspection data base on a wafer map to make a 
defect state on the wafer visually clear. 

[0051] In this embodiment, the display units are provided in the analysis stations 3a, 3b of the system shown in FIG. 
1 , and inspection data read out from the data base or the image file based on designation of various conditions is dis- 
20 played on a specified region such as a wafer or a chip displayed on the display unit. 
[0052] The designation of various conditions will be described below in detail. 

(1-a-1) Designation of display condition: 

25 (a) Designation of classifying condition: 

[0053] Defect inspection data is selected from the following condition to be displayed. In a case of plural designations, 
the condition is expressed by AND condition. (I) Wafer classification: 0 all wafers, ® wafers in the same lot, ® clas- 
sification on the specified wafer basis. (H) Process classification: 0 all processes, @ classification on the specified 
30 process basis. ® a process at present time, @ processes before the process at present time. 

(m) Defect classification: 0 all defects, © fatal defects, ® non-fatal defects. 

(b) Designation of condition on the category basis: 

35 

[0054] Defect data belonging to a specified defect classification code is displayed. The specified defect classification 
code is to be described later. 

(c) Designation of condition of defect size/ measured value: 

40 

[0055] Defect data fitting to a specified range of size/measured value is displayed. 

[0056] Designation of the range of size/ measured value is performed by selecting one out of 0 an upper limit, @ a 
lower limit, ® a specified range. 

[0057] In regard to definition of the size, an Hern is selected from the following by setting a length of a defect in x- 
45 direction in a wafer coordinate system to X and a length of the defect in y-direction to Y. The defect size used is an item 
of data obtained from the extraneous substance inspection apparatus or an item of data obtained from the review appa- 
ratus, and registered as defect inspection data. 

0 size = V(area of defect) 
so @ size = V(defect length X) x (defect length Y) 

® size o V[(defect length X) 2 + (defect length Y) 2 ] 

0 size = Max [(defect length X), (defect length Y)] 

© size « (defect length X) 

© size = (defect length Y) 
55 0 size oc function of (defect detecting signal intensity) 
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(d) Designation of check: 

[0058] A plurality of results of analysis data are displayed by overlapping. The following checks are available. . 

5 0 defect inspection data - defect inspection data 
© defect inspection data - operating test data 
© operating test data - operating test data 

[0059] In regard to display of the defect inspection data - defect inspection data check, the checking condition and the 
w checking method are designated as follows. 

(I) Kinds of defects to be displayed by overlapping: 

[0060] 0 an extraneous substance particle attached on a wafer surface, © a pattern defect, © a pattern dimension, 
75 @ a pattern overlapping accuracy, © a film thickness of a formed film, © an in-f ilm stress of a formed film, ® a dopant 
concentration, © an extraneous substance particle attached on a reticle, ® a reticle defect correction mark, @a wiring 
correction mark and so on. 

[0061 ] It is possible to check between the same items each other. For example, checking defect size with defect size, 
or pattern dimension with pattern dimension. The checking of this kind makes it possible to check difference between 
20 the inspection apparatus and the testing apparatus, change with time in performances of the inspection apparatus and 
the testing apparatus, performance of inspected wafer dependence and so on, and is a particularly effective means to 
realize an accurate inspection. 

(n) Data retrieving condition 

25 

[0062] 

• Objective wafer: 0 ail wafers, @ wafers in the same lot, © the same wafer. 

• Objective process: 0 all processes, © a process at present time, © processes before the process at present 
30 time, @ retrieval on the process basis. 

• Objective inspection apparatus: 0 all apparatuses, © retrieval on the specified apparatus basis 

• Objective defect size or measured value: 0 all defects or all measured values, © an upper limit value, ©a lower 
limit value, 0a range. 

• Objective defect type; 0 all defects, © fatal defects, © non-fatal defects, 0 defect on the classification code 
35 basis. 

(m) Checking condition and checking method 

[0063] 

40 

• Allowable deviation range at comparing coordinate data: 0 an upper limit. 

• Checking method: 0 OR, @ AND, © XOR. 

[0064] Displays of checking of 0 the defect inspection data - operating test data and checking of © the operating 

45 test data - operating test data are to be described later. 

[0065] According to this embodiment, the defect inspection data can be displayed as a defect map based on the 
above-mentioned designated conditions. For example, when the 0 retrieval on the process basis is selected as the 
objective process in the above-mentioned designation, a display as shown in FIG. 18 can be obtained. 
[0066] These designations are performed in the analysis stations 3a, 3b, and inspection data is read out from the data 

so base or the image file based on the designations and output based on fixed-formed display forms (map display, chart 
display and so on, the various display forms described in the present specification). 

[0067] Further, in order to make the defect analysis easy and accurate, the following special display functions are pro- 
vided. 

55 (1-a-2) In-wafer and in-chip divisional designation displays: 

[0068] As described above, the inspection data taken by the inspection apparatus is displayed on the display unit such 
as a CRT as a defect map. 
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[0069] At that time, some defects are fatal defects and the others are not fatal defects depending on positions where 
the defects exist even if the defects are similar. Further, there are some defects which need to be observed in detail and 
the others which do not need to be observed in detail. If these matters can be visually distinguished, the defects can be 
correctly classified and accordingly extra review (details of the review are to be described later) becomes unnecessary. 
5 Thereby, it is possible to speedy improve the yield and increase the work efficiency in the semiconductor manufacturing 
line. 

[0070] Examples of the display forms will be described in detail below. 

(a) Enlarged display: 

10 

[0071 ] This is a function to enlarge and display a specified area on a wafer map. A part of the defect map is displayed. 
[0072] In more detail, for example, a specified chip is enlarged and displayed (the display shown in a lower left-hand 
part of FIG. 7). It is convenient to judge the fatality of a concerned defect and to extract and display a defect image taken 
by a scanning electron microscope (SEM) or the like. 

is [0073] Further, by enlarging and displaying an image on the exposing field basis of a step-and-repeat equipment (a 
light exposing equipment), it is possible to accurately specify a position of a repetitive defect produced at pattern form- 
ing by light exposure (at reticle pattern transferring to the wafer). Therefore, it becomes easy to perform feed-back to 
cleaning of the reticle and to judge the fatality of defect. This case is based on exposure field arrangement data regis- 
tered as data on the kind-by-kind basis. 

20 [0074] Furthermore, it is possible to enlarge and display on the block-by-block basis by dividing the chip arrangement 
by the predetermined inspection block basis of the defect inspection apparatus. 

(b) Reviewed defect display: 

25 [0075] A semiconductor wafer becomes a product through various treatment processes, and there are inspection 
processes for quantitatively inspecting produced defects between the treatment processes. Further, there is review 
work for confirm whether or not the inspection is properly performed. The review is generally performed on pre-targeted 
defects, but used for analysis work to be performed later by making it possible to judge which defect has been reviewed. 
[0076] In this embodiment, in order to attain such an object, reviewed defects are distinguished and displayed on a 

30 defect map so as to be capable of being distinguished. The distinguishing method considered is, for example, to use 
different color or shape for marks indicating defects. 

[0077] As a practical example, when a concerned defect image is required to be seen during analysis work, it is pos- 
sible from the 'reviewed defect display' attached to the defect on the map to judge whether or not the defect review 
image has been already taken. If the defect review image has been already taken, the defect image can be extracted 
35 and observed on the spot. Capability of performing the above-mentioned processes depends on that the analysis sta- 
tions 3a, 3b and the data base and the image file of FIG. 1 are connected to the communication network and the history 
of review is stored in the defect inspection data. 

(c) Scribe-line display: 

40 

[0078] The scribe-line is a line-shaped area between chips where no active pattern exists. The wafer is finally cut into 
individual chips, and the scribe-line is, as it were, a margin left for the cut. That is, a defect on the scribe-line cannot be 
a fatal defect even if the defect exists. Further, performing work such as review on such a defect is useless and results 
in decreasing work efficiency. 

45 [0079] In this embodiment, the problem described above can be eliminated by displaying the scribe-line or defects on 
the scribe-line in distinguishing from the other area on the wafer or the other defects. 

[0080] Methods of the scribe-line display considered are to display the chip arrangement data registered in the data 
base or the image file of FIG. 1 together with the defect map as wafer data on the kind-by-kind basis, or to compare 
defect position information obtained from the defect inspection apparatus with scribe-line position information of chip 
so arrangement data and then specify and display positions where the both agree. 

(d) Area-by-area basis display: 

[0081] By designation of an operator using a pointing device or the like on the display unit or by designation of area 
55 based on the arrangement data registered in the data base or the image file of FIG. 1 , defects in the each designated 
area are displayed so as to be distinguished. 

[0082] In a case of a memory cell LSI, a memory cell area is displayed with distinguishing from a circuit area in the 
periphery. The circuit area in the periphery has a lower pattern density compared to the memory cell area and accord- 
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ingly has a relatively smaller probability of a defect causing a fault. On the other hand, there are some cases where a 
fault of the memory cell can be rescued depending on the fault condition. By displaying the both areas with distinguish- 
ing from each other, it is possible to take measures such as classifying defects or selecting a review position to cope 
with similar defects in the both areas even if the similar defects exist. 
5 [0083] That is, it is easy to determine a measure of inspection or review. 

[0084] The same effect as described above can be attained by doing the distinguishing display between a gate area 
and an inter-gate wiring area of a gate array. 

[0085] The distinguishing display is performed based on, for example, chip arrangement data which is registered in 
the data base or the image file of FIG. 1 as the wafer data on the kind-by-kind basis. It is acceptable that defects in the 
10 memory cell area and defects in the peripheral circuit area are displayed so as to be respectively distinguished from 
each other. In this case, the defect position information obtained from the defect inspection apparatus is compared with 
the above-mentioned chip arrangement data. 

[0086] Further, an effect similar to that described above can be attained by doing the distinguishing display on the 
pattern density basis. In this case, pattern density distribution data in chip is registered as wafer data on the kind-by- 
15 kind basis in advance. 

[0087] Further, it is acceptable to distinguish on the basis of inspection sensitivity of the inspection blocks. In general, 
there is limitation determined by the maximum noise area inside an inspection area. A lower importance and larger 
noise area is omitted from areas to be inspected in order to perform highly sensitive inspection. By displaying the lower 
importance and larger noise area with distinguishing from the other areas, it is possible to omit unnecessary review 
20 work and the like. 

[0088] An example of such an area (called as a non-inspection area) is a memory mat edge in a memory LSI. 

(e) Clustering display: 

25 [0089] Clustering (gathering) defects or an area where clustering defects exist are distinguished and displayed out of 
image data obtained from the defect inspection apparatus. 

[0090] The clustering defects have a high possibility to cause a fault. Further, in general, the clustering defects are, 
in most cases, produced by the same cause of defect. That is, characteristics of all the defects in the cluster can be 
clarified by picking up and reviewing a specified defect among the clustering defects. 

30 [0091 ] In this embodiment in order to make the work easy, when a duster state of defects is above a preset condition 
by judging the cluster state, the defects or the existing area of the defects are distinguished and displayed. For example, 
in a case where areas having number of defects above a preset value are continuously exist within a certain area, or in 
a case where defects adjacent to each other continuously exist within a preset spacing, the group of defects is recog- 
nized as clustering defects to be distinguished and displayed. 

35 [0092] Therein, the recognition and the distinguishing of clustering defects are performed by the defect inspection 
apparatus or the review apparatus and the clustering defects are registered in the data base, or performed by the anal- 
ysis station. 

(f) Repetitive defect display: 

40 

[0093] In this embodiment defect positions are compared on the chip basis, on the exposure field basis or on the 
inspection block basis, and defects repetitively appearing at a position in the same coordinates are judged and dis- 
played as repetitive defects. 

[0094] The judgment and the display are performed based on defect coordinate data obtained by the defect inspection 
45 apparatus or the like. 

[0095] By the display and the judgment, it is possible to verify, for example, a pattern defect of the step-and-repeat 
equipment (the light exposing equipment) for transferring a circuit pattern by continuously repeating exposure, a defect 
caused by the reticle and an erroneous detection caused by the inspection apparatus. 

[0096] For example, a reticle correction mark has a small lithography margin and accordingly is apt to cause a pattern 
so transfer fault. In the highly sensitive inspection at the performance limit of the inspection apparatus, small unevenness 
in the sensitivity causes erroneous detection. Since the erroneous detecting portion often repetitively appears, in order 
to eliminate the erroneous detection caused by the inspection apparatus, inspection data is dealt by dividing into 
inspection blocks so as to be judged and displayed. The inspection block means a repetitive unit in comparative inspec- 
tion. 

55 [0097] In detail, the defect coordinate data obtained is divided based on exposing field arrangement data registered 
in the data base 1 of FIG. 1 , and items of defect coordinate data on the basis of the divided partial coordinate system 
are checked with one another. When number of defects regarded agreeing in the coordinate positions is large, the 
defects are distinguished from the other defects and displayed as repetitive defects. This processing is performed on 



10 



EP 0 910 123 A1 



the analysis stations 3a, 3b. 

(1 -a-3) Inter-process dividing designation display: 

[0098] A semiconductor wafer manufacturing line has a plurality of treating processes and many inspection processes 
each of which is placed between the treating processes. Inspection data is obtained in each of the treating processes. 
[0099] The inspection data is attached with inspection information and registered in the image file 2 and the data base 
1 shown in FIG. 1 . The inspection data is registered on the process-by-process basis of inspection. That is, by display- 
ing the inspection data on the process-by-process basis of inspection, it is possible to confirm change of defects in each 
of the treating processes. Thereby, it is easy to specify which process defects are produced in, and it is possible to cope 
with measures to eliminate the defects. The details will be described below. 

(a) Process tracing display: 

[0100] In regard to a defect on a wafer, whether the defect is produced in a process before a process at present time 
is traced and studied by comparing each defect coordinate data of each inspection process. That is, defect coordinate 
data of a wafer is compared with defect coordinate data of the same wafer obtained in a process before the process at 
present time. If there is a defect agreeing in the coordinates within a preset range, the defect is regarded as the same 
defect It is considered that the defect regarded as the same defect is produced in a process before the process at 
present and affects the present process. 

[01 01 ] By displaying the result as shown in FIG. 7, it is possible to specify what defect is produced in which process. 

(b) Display of defect produced in the present process: 

[01 02] In regard to a defect on a wafer, whether the defect is produced in a process at present time is traced and stud- 
ied by comparing coordinate data of each defect. That is, the defect produced in the present process is distinguished 
from the other defects and displayed. 

(1-a-4) Review position display: 

[0103] In a recent semiconductor manufacturing line, a review is performed to judge whether or not inspections per- 
formed in inspection processes are appropriate. However, since it takes a very long time to perform the review for all 
the defects, it is necessary to select defects to be reviewed in advance. If the selection is improperly performed, relia- 
bility of the data obtained using a very long time is decreased and there occurs a problem in that the data does not 
reflect the actual state. 

[0104] Description will be made below in detail on an example of a display for supporting the selection of appropriate 
review positions. 

[0105] Therein, the review is performed according to the procedure of detection of defects, exclusion of false defects 
and classification of defects in order to point out defect and clarify cause of occurrence of the defects. The exclusion of 
false defects means excluding an event that a phenomenon actually unacceptable as a defect is erroneously detected 
as existence of a defect. 

[0106] Recommended review positions are automatically selected and displayed. The selection is performed accord- 
ing to the procedure shown in FIG. 5. 

Q) Deleting defects produced in processes before the present process. 

@ Performing clustering judgment, and deleting defects in a cluster portion but leaving specified number of 
defects. 

© Judging repetitive defects on the chip basis, on the exposing field basis and the inspection block basis, and 
deleting the repetitive defects but leaving specified number of defects. 

@) Checking with extraneous substance data, and deleting defects which agree in coordinate positions and are 
smaller than a specified si*e. 

© Judging defect positions, and deleting defects estimated as non-fatal defects. The judging method is specified 
one from the following. 

• Judging pattern densities, and deleting defects in a position having a specified pattern density lower than a 
specified pattern density. 

• Judging isolation degrees, and deleting isolated defects. 

• Memory LSI: Judging whether a defect is in a memory cell area or in the peripheral circuit area, and deleting 
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the defects in a peripheral circuit area. 
• Gate array: Judging whether a defect is in a gate area or in a wiring area, and deleting the defects in the wiring 
area. 

5 © Displaying the remaining defects as recommended review position. 

[0107] The above processes ® to © are the processes described in the items of (1-a-2) In-wafer/ln-chip divisional 
designation display and (1 -a-3) Inter-process dividing designation display. 

[0108] The above procedure is arranged in order of low review recommending degree, but the order is not limited to 
10 this order. Further, it is not necessary to employ all of the processes ® to ©, but it is possible to employ one of the 
processes or a combination of two or more of the processes. 

[0109] On the other hand, from the viewpoint that an important problem is a defect affecting the following processes, 
defects produced in the processes before the present process are displayed as sampling positions. 
[0110] The defect detecting work needs to be performed at as high sensitivity as possible so as to not miss serious 
is defects, but number of erroneously detected defects, that is, number of false defects is increased and the review work 
becomes more difficult as the sensitivity is increased. However, according to the construction described above, number 
of defects to be reviewed is reduced and the review work can be simplified. 

(1 -a-5) False defect judging means at reviewing: 

20 

[011 1] The example in which efficiency of the review work is improved by displaying review recommended positions 
in the preceding item. However, one of the reasons to make the review work difficult is that the review work cannot help 
performing using an SEM though defects are optically detected. 

[0112] In the present time, a defect having a size of 0.2 nm can be detected using an optical means. However, since 
25 maximum resolution of an optical microscope is about 0.2 urn, review using the optical microscope cannot distinguish 
shape and color of a detected fine defect. Therefore, SEM review is widely employed instead of optical review. 
[0113] However, an SEM image is different from an optical image in contrast forming mechanism. In the SEM image 
different from the optical image, what can be seen is only the surface shape, and color and brightness information is not 
included. Therefore, in a case where optically detected contrast in a defect is caused by the internal structure or the dif- 
30 ference of color and brightness, the SEM review cannot recognize these factors, and cannot judge and review the false 
defects correctly. 

[01 1 4] For example, in a case where thickness of a silicon oxide film is uneven on a wafer surface, optical unevenness 
of color appears by interference inside the film. In a method of comparing two images (for example, images of two chips 
to be compared in the same position) of an optical pattern defect inspection apparatus, a process defect is detected by 
35 detecting the difference between the two images in color and brightness caused by the unevenness of color. 

[01 1 5] On the other hand, in a case where the defect is reviewed using the SEM, no abnormality is observed in that 
position and accordingly the defect position cannot be detected because the SEM image cannot detect the unevenness 
of color and the film thickness. 

[0116] Since the pattern defect inspection apparatus is of a high throughput, an optical image comparing method is 
40 used. Therein, if there exist difference in pattern shape and/or image contrast caused by variation in pattern dimension 
and position on the surface, difference in interference color caused by variation in film thickness on the surface, change 
in light reflectance caused by distribution of a doped impurity over the surface, a wiring correction mark and so on, these 
are detected as defects. However, the defects include many defects to be classified into the false defects. 
[01 17] In order to judge the false defect correctly and speedy using these factors as reference information at SEM 
45 review, data on the variation in pattern dimension and position, the variation in film thickness, the variation in the doped 
impurity, the wiring correction mark and so on is online collected and stored in the data base. Then, the data is read out 
at SEM reviewing to be displayed at a time on the display unit provided in the analysis station. 

(1 -a-6) Simplification of defect classifying work: 

- 50 

[01 18] In the present invention, defects are classified at reviewing. 

[0119] Details of the defect classification is to be described later. Since there is provided a means for classifying 
defects on the basis of combination of a plurality of elements expressing characteristics of the defects, it is easy to spec- 
ify a factor of producing defects. That is, when defects are classified according to classification code as shown in FIG. 
55 1 o, it is easy to study what cause a defect is produced by because characteristics of the defect can be subdivided and 
known. 

[0120] For example, in a case where an element "short circuit" is observed out of characteristics obtained from the 
screen information of FIG. 10, it can be considered that the cause of producing the defect is halation due to "spread" 
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caused in the light exposure equipment. 

[0121 ] It is difficult to specify characteristics of defects because various kinds of elements are complex. However, in 
the present invention, the specification of defects can be made easy by classify the characteristics of the defects in 
detail. This effect can be attained by display each of the elements of the selected defects on the display unit of the anal- 
5 ysis station 3 as shown in FIG. 10. 

[0122] By reading out each of the elements obtained at reviewing from the data base using defect selection on the 
display unit, an operator can make the above-mentioned judgment based on the display. The details are to be described 
later. 

10 (1 -b) Defect density and defect probability maps: 

[0123] The defect density means a degree of closeness of defects on a wafer or a chip. 

[0124] As described above, the existing type defect is such a defect that the existence itself is problem, and number 
of the defects becomes a factor to affect the final yield. That is, if a defect density is known, it is possible to determine 
is a yield to a certain degree based on an empirical rule and accordingly the defect density is effective. On calculating a 
defect density, the defect density is calculated by dividing a total number of defects existing in a certain region by an 
area of the certain region. 

[0125] The detailed construction of calculating such a defect density is that number of defects, for example, on a 
region specified by the pointing device or the like on the display unit provided in the analysis station 3a or 3b of FIG. 1 , 
20 or a region specified by arrangement data registered in the data base 1 as inspection data or an area value input from 
the analysis station 3a or 3b is divided by an area of the region. The area of the arrangement data registered in the data 
base is registered, for example, as a chip size. 

[01 26] An example of a map display of the defect density is shown in FIG. 7 (the density map of the second frame in 
left hand side). 

25 [0127] In this example of display, defect densities on the chip-by-chip basis are displayed. In this case, number of 
defect obtained by the wafer outer appearance inspection apparatus group 5 of FIG. 1 or the like and registered in the 
data base 1 is divided by a chip size also registered in the data base, and then the value is displayed on a wafer map 
displayed on the display unit of the analysis station 3a or 3b. In the example of FIG. 7, each of the densities is displayed 
on each of the chips with a histogram based on a height of the density. By this display, it is possible to confirm the defect 

30 density on the chip-by-chip basis at a glance and to study a trend of number of produced defects to each of the positions 
on the wafer. 

[01 28] On the other hand, the defect probability means a probability expressing what number of values deviating from 
a reference value exists in number of measured values in a chip of a specified process parameter, that is, what number 
of defects exists in number of measured points inspected. As for the state type defect, the "defect" is a defect deviating 

35 from a certain reference, and the other defects are not regarded as the "defect". The defect probability is effective in 
confirming the state type defect in which a state such as pattern dimension or film thickness is problem. The state type 
defect is a defect in which the problem is a degree of a state such as pattern dimension but not presence of an extra- 
neous substance particle or a pattern defect as described above. The yield depends on not only the existing type defect 
such as a pattern defect or an extraneous substance particle but also the state type defect such as pattern dimension. 

40 If defects are determined from the viewpoint of the existing type defect in spite of the above fact, it is impossible to attain 
improvement of the yield which is the final object of defect detection. 

[0129] The result is displayed in such a manner as the defect density map described previously. 
[01 30] Taking a case of the map of the second frame in left hand side in FIG. 7 as an example similarly to the density 
map, defect probabilities on the chip-by-chip basis are displayed in this example. By this display, it is possible to confirm 
45 the defect probability on the chip-by-chip basis at a glance and to study with what degree of probability problem defects 
exist in each of the positions on the wafer. 

[01 31 ] The examples of three-dimensional display are described above, but two-dimensional display may be accept- 
able. Further, selection of the display conditions described in the above item of defect map may be employed. For exam- 
ple, the display conditions are specification of condition on the kind basis, specification of condition on the category 

so basis, specification of defect size/ measured value condition, specification of in-wafer/ in-chip dividing and so on. 
[01 32] These specifications are performed on the analysis station 3a or 3b, and the above-mentioned specifications 
of condition are displayed mainly on the display unit so as to select one out of them. Data necessary for a selected dis- 
play is read out from the data base 1 based on the selected display condition to be displayed. 
[0133] The specification of the display condition is performed using the keyboard, the pointing device or the like pro- 

55 vided in the analysis station 3a or 3b. 
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(1 -c) Display of change of defects with process: 

[01 34] The display of change in number of defects with process shows change in number of specified kind defects as 
the process is changes by taking the process in the abscissa. 
5 [0135] In the embodiment of the present invention, there is provided an original display form of the present invention 
in addition to the display of change of defects with process disclosed in Japanese Patent Application Laid-Open No.3- 
44054. 

[0136] In the present invention, there is also provided a function to charVdisplay number of defect, defect density or 
defect fault ratio on a wafer or a chip for the existing type defects described previously, and to display number of defect, 
10 defect density or defect fault ratio for the state type defects. 

[0137] By the display, in a case of the existing type defect, defects produced in the present process and defects pro- 
duced in processes precedent to the present process can be separated and displayed by comparing positions on a 
wafer of defects produced in each of the processes. 

[0138] On the other hand, in a case of the state type defect, mutual validity of a resist pattern inspection process and 
is an etching pattern inspection process can be checked by comparing change of defect states in the dimension inspec- 
tion process for resist pattern and the dimension inspection process for etching pattern. As described above, an appro- 
priate display corresponding to this embodiment can be performed. 

[0139] According to the present embodiment, in order to realize such a display as described above, whether the exist- 
ing type defects or the state type defects are displayed is predetermined corresponding to a process to be inspected or 
20 an inspection apparatus used. In detail, defect information obtained by as apparatus for inspecting a "state" of defects 
comprises a means for judging and specifying defect information obtained by an apparatus for inspecting "existing" of 
defects based on inspection conditions and data registered in the data base. This judging and specifying is performed 
on the analysis station 3a or 3b. 

[0140] The specified result is registered in the data base or image file as defect inspection information. 

25 [0141] Further, in a case of selecting defects based on what kind of process the defects are produced, the selection 
is performed by specifying whether the defects are produced after a process capable of producing the existing type 
defect or the defects are produced after a process capable of producing the state type defect. Then, the selecting infor- 
mation is registered in the data base as the defect inspection data. After that, the above-described chart display is per- 
formed based on the registered data. 

30 [0142] According to the embodiment of the present invention, number of defects, a defect density, a defect fault ratio, 
a measured value, a defect probability of the existing type defect and the state type defect are determined based on the 
following calculation equations. 

number of defect - (number of defects excluding erroneously detected defects). 

35 

defect density = (number of defect)/ (inspected area per chip) x (number of inspected chips), 
defect fault ratio = (number of chips having defects)/ (number of inspected chips). 

40 

defect probability - (number of defect)/ (number of inspections) * (number of inspected chips). 

[0143] As described in the item of defect map. the defect inspection data can be displayed as data of change of defect 
45 with process based on the following specifying conditions. 

1 . Display on the kind basis. 

2. Display on the category basis. 

3. Display on the size or measured value basis. 
so 4. Display on the region basis. 

5. Process tracing display. 

[0144] In regard to defects on a wafer, whether or not the defects exist in processes before the present process is 
traced by comparing coordinate data of each of the defect, and the result is displayed in a form of a divided chart or a 
55 gallery. 

[0145] In the display of divided chart, "process name" specified in a retrieving condition is taken in the abscissa, and 
"number of defects" is taken in the ordinate for a case of the existing type defect and "measured value" for the case of 
the state type defect. 
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[0146] A chart is displayed according to the selection. 

[0147] Retrieving conditions other than the process name are to specify an objective wafer, an objective inspection 
apparatus, an objective defect size or measuring value, a range, an objective defect kind and an allowable deviation 
range at comparing coordinate data. 

5 

6. Display of defects produced in the present process: 

[0148] In regard to defects on a wafer, whether or not the defects are produced in the present processes is traced by 
comparing coordinate data of each of the defect detected in the processes before the present process, and the result 

10 is displayed in a form of a divided chart or a gallery. 

[0149] In the display of divided chart, number of defects, defect density or defect fault ratio is taken in the ordinate for 
a case of the existing type defect and measured value, defect probability or defect fault ratio is taken in the ordinate for 
the case of the state type defect, and total processes, the present process or processes before the present process is 
taken in the abscissa. An upper limit of the allowable deviation range at comparing coordinate data is specified as a 

75 condition. 

(1 -d) Defect level management display: 

[0150] In the defect level management display, number of defects, defect density or defect fault ratio for a case of the 
20 existing type defect and measured value, defect probability or defect fault ratio for the case of the state type defect is 
taken in the abscissa as classification interval number, and number of wafers within the classification interval number 
is taken in the ordinate, and the result is displayed in a form of a chart. 

[0151] In another form of the defect level management display, period, wafer or lot is taken in the abscissa, and 
number of defects, defect density or defect fault ratio is taken in the ordinate for a case of the existing type defect and 
25 measured value, defect probability or defect fautt ratio for the case of the state type defect, and the result is displayed 
in a form of a chart 

[0152] As described in the items of defect map and display of change of defects with process, the defect inspection 
data can be displayed as data of change of defect with process based on the following specifying conditions. 

30 1 . Display on the kind basis. 

2. Display on the category basis. 

3. Display on the size or measured value basis. 

4. Management reference value display. 

35 [0153] A management reference value and statistically processed values such as an average value and a deviation 
are displayed. 

[0154] Further, a display method is selected one from graph display and numerical display. Setting of the manage- 
ment reference value is selected one from the following two. 

40 • Displaying values stored in the data base as the inspection data. 

• Automatically setting and displaying statistically processed values of the stored inspection data 

[0155] At that time, the following condition is further specified. 

[0156] The processing range is selected any one out of a period before the time point of calculation, cumulated proc- 
45 essed lots and number of cumulated processed wafers. The displayed value is selected any one out of average value 
and average value/deviation. The automatic setting is performed on number of defects for the existing type defect and 
deviation for the state type defect. The automatically set management reference value is automatically unloaded to a 
related inspection apparatus by specification. 

[0157] In the embodiment of the present invention, when the input inspection data exceeds the management refer- 
so ence value or a fluctuation state deviates from a specified reference, an alarm is set so as to automatically sound. 
[01 58] The specified reference is selectively specified any one of the following. 

1 . A specified Cp/Cpk value is specified as a reference. 

2. In a case of occurrence of a special distribution - where defect occurring frequency of a special chip is high or 
55 defect occurring frequency of a special position in a chip is high, alarm is sounded when the state exceeds a certain 

level. 

3. When the management reference value deviates from an allowable defect occurrence frequency, alarm is 
sounded. 
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4. When a measured value of defects or process parameter is continuously fluctuated within a specified period, 
alarm is sounded. In a case of the existing type defect, alarm is set so as to sound, for example, when the above- 
mentioned parameter on the existing type defect is in a increasing trend. In a case of the state type defect, alarm 
is set so as to sound, for example, when the above-mentioned parameter on the state type defect is in a increasing 
or decreasing trend. 

[0159] According to this embodiment, a defect chart or a map in a specially specified classified interval or specified 
time can be displayed. 

[0160] Further, a report on a specified item is issued with a predetermined time interval and a predetermined format. 
(2) Yield analysis data: 



[0161] FIG. 8 shows an example of an analysis data display in a yield analysis. 

[0162] The yield analysis data is obtained mainly based on conforming or nonconforming results of chips obtained 
is from an operating testing apparatus of a semiconductor manufacturing line. The principle will be described below taking 
the semiconductor manufacturing line connected to the inspection and testing apparatuses and a pattern forming appa- 
ratus group as shown in FIG. 1. 

[0163] An operating test result obtained by the operating testing apparatus of FIG. 1 is registered in the operating test 
data base 1b as operating test data. At that time, data on the wafer-by-wafer basis of the wafer performed the operating 

20 test is registered in the inspection test data base 1a as attached information. At forming yield analysis data, when the 
operating test data is read out from the data base 1b, the attached information is read out together. 
[0164] Positional coordinate data included in the operating test data is registered with physical positional coordinate 
data converted from logical positional coordinate data. A positional coordinate converting interlace for performing such 
conversion is provided between the operating test data base 1b and the operating testing apparatus group. The con- 

25 struction of the interlace will be described below. 

[0165] FIG. 2 is a view showing the principle of converting logical positional coordinates - physical positional coordi- 
nates of a memory LSI. The conversion is performed by a logical positional coordinates - physical positional coordinates 
conversion table constructed based on the conversion principle shown in FIG. 2. This conversion table has the following 
construction. 

30 [0166] The conversion table comprises 1 . a table for positional coordinates and direction of a memory mat in a chip, 
2. a table for positional coordinates and direction of a memory cell array on the memory mat and 3. a table for positional 
coordinates and direction of a memory cell on the memory cell array. 

[01 67] The table No. 1 is a table showing the relationship between the logical coordinate information (pin number and 
path number used in a test by the operating testing apparatus) and physical coordinate information (memory mat name 

35 and the positional coordinates and direction), and is formed in a table as shown in FIG. 3 (a). The table No. 2 is a table 
showing the relationship between the logical coordinate information (path number) on the memory mat and physical 
coordinate information (memory cell array name and the positional coordinates and direction), and is formed in a table 
as shown in FIG. 3 (b). The table No. 3 is a table showing the relationship between the logical coordinate information 
(Y-address and X-address of a testing apparatus) on the memory cell array and physical coordinate information (posi- 

40 tional coordinates of the memory cell), and is formed in a table as shown in FIG. 3 (c). 

[0168] In this embodiment, conversion is performed from the logical positional coordinates to the physical positional 
coordinates using the conversion tables having the structures described above in a procedure shown in FIG. 4. 
[01 69] By having such a construction, it becomes easy to specify a defect which causes fault That is, since a position 
of a defect and a position of operating fault can be checked, it becomes easy to specify which defect is a cause of the 

45 fault. 

[0170] Based on the construction, the yield analysis described below becomes possible in the present embodiment. 
[0171] Initially, conforming probability of a chip on a wafer can be displayed based on the operating test result. This 
is a means used on an occasion, for example, that the conforming probability of a wafer is calculated on the chip basis, 
and calculated based the following calculation equation. 



50 



(conforming probability of chip) = (number of chips which have been conforming)/ (number of tested chips). 



[0172] This calculation is performed by the analysis station 3a or 3b. The analysis station comprises a computer for 
55 performing the calculation, and the conforming probability can be obtained by reading out conforming item/nonconform- 
ing item data of chips from the operating test data base and by dividing number of the conforming items with the total 
number of the conforming items and the nonconforming items. 

[0173] Further, it is possible to display the analysis information in the display form of a wafer map shape as shown in 
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FIG. 7. 

[0174] The display of the first frame in the left hand side of FIG. 8 is a category map. This map displays kinds of oper- 
ating faults on the chip-by-chip basis. In order to display this kind of display, in the analysis station, kinds of faults to chip 
positions are specified by reading out the chip coordinate data attaching to the fault classification code data. Further, in 

5 the display shown by the center frame in FIG. 8, the category map and the wafer outer appearance are displayed in par- 
allel so that what kind of defect in what process causes what kind of fault can be specified. 
[0175] As described above, in the present invention, the display described above can be performed by selectively 
reading out necessary information from the data base or the image file based on an operator's instruction. 
[0176] Similar to the description in the item of defect map, the yield analysis data can be displayed based on the fbl- 

10 lowing specifying condition. 

1 . Display on the kind basis. 

2. Display on the category basis. 

3. Checking display. 
75 4. Enlarged display. 

5. Image display. 

6. Extracting display 

[0177] Further, in the item 1 of display on the kind basis, there are displays on the wafer basis, on the process basis 
20 and on the fault basis each of which is specified from the analysis station. In regard to the display on the wafer basis, 
one of the items consisting of all wafers, the same lot wafers, specified wafers is specified. In regard to the display on 
the process basis, one of the items consisting of all operating test processes and specified operating test processes is 
specified. Further, in regard to the display on the fault basis, one of the items consisting of all faults, DC faults and func- 
tion faults is selected. The display on the fault basis is a special item for the yield analysis data, and by selecting the 
25 kind an arbitrary code is selected from kinds of faults registered in the data base. 

[0178] The item 2 of display on the category basis is an item for selecting and displaying fault data belonging to a fault 
classification code specified. 

[0179] The item 3 of checking display is an item for overlapping and displaying, for example, the defect inspection data 
and the operating test data or two kinds of the operating test data. For example, the display shown by the central frame 
30 . of FIG. 8 (parallel display of the operating test data and the defect inspection data) is performed by this specification. 
However, in order to obtain this display, additional specification is required for reading out image files of inspection proc- 
esses A to D. Kinds of checking conditions will.be described below. 

[0180] In a case of displaying on the wafer basis, a kind of operating test data to be overlapped and displayed is 
selected from the items consisting of conforming item/nonconforming item, DC fault, function fault, fault classification 
35 code and conforming probability of chip. In a case of displaying on the chip basis, a fault position is specified. 

[0181] Defect inspection data to be overlapped with operating test data is selected based on the following classifica- 
tion items. 

Kind of defect 
40 • Kind on the process-by-process basis 
Kind on the defect-by-defect basis 
Objective defect size/ measured value 
Range 

Kind of display 

45 

[0182] The kinds of defect are wafer surface having an extraneous substance particle attached, pattern defect, patter 
dimension, pattern overlapping accuracy, film thickness of formed film, in-f ilm stress of formed film, dopant concentra- 
tion, reticle having an extraneous substance particle attached, reticle defect correction mark, wiring correction mark and 
so on. The kind on the process-by-process basis is a selective item of all processes or specified process basis. The kind 

so on defect-by-defect basis is a selective item of all defects, fatal defects, non-fatal defects or defects on the classification 
code basis. The objective defect size or measured value is a selective item for selecting one from specifying all defects 
or numerically specifying such as specification of a measured value, an upper limit value, a lower limit value or the like. 
The kind of display is an item for specifying presence or absence of display of the scribe line or specifying presence or 
absence of display on the area-by-area basis. 

55 [0183] Further, the objective wafer is specified by one of all wafers, the same lot wafers and the same wafer. 

[0184] Furthermore, check condition and the method are specified. The check condition is an item for specifying an 
allowable range at comparing the coordinate data., and the checking method is an item for selecting how checking the 
above-mentioned items by selecting out of OR, AND, XOR. 
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[0185] The data based on these selected items is read out from the data base 1 or the image file 2, and displayed on 
the analysis station 3a or 3b in a predetermined display form. 

[0186] The item 4 of enlarged display is an item for enlarging and displaying a specified area on a wafer map. The 
following effective enlarged display can be considered. 

[0187] Fault position data is enlarged and displayed on the exposing field basis based on the exposing field arrange- 
ment data registered in the data base. By performing such a display, defects caused by an apparatus such as a step- 
and-repeat equipment can be specified. 

[0188] Further, the fault position data can also be enlarged and displayed on the block basis by dividing the chip 
arrangement into inspection block units of the inspection apparatus. 

[0189] Furthermore, the fault position data in a specified area can also be enlarged and displayed. 

[0190] The item 5 of image display is a function for displaying an image of a reviewed fault position by specifying the 

fault position. 

[0191] The item 6 of extracting display is an item for map displaying the yield data in a specified classification interval 
or in a specified time. 

[0192] The yield level management display will be described below. The yield level management display is different 
from the defect level management display described in the item of defect analysis data, and the yield is set to classifi- 
cation interval number in the yield level management display. 

[0193] In detail, a chart is displayed by taking yield or chip conforming probability as the classification interval number 
in the abscissa, and by taking number of wafers of which the yield or chip conforming probability is within the classifica- 
tion interval number in the ordinate. 

[0194] In another example, a chart may be displayed by taking period, wafer or lot in the abscissa and taking yield or 
chip conforming probability in the ordinate. 

[01 95] Further, a chart is displayed by taking operating test process in the abscissa and taking yield/ chip conforming 
probability in the ordinate. Process tracing can be displayed by this. 

[0196] The defect inspection data can be displayed as data of change with process based on the following specifying 
conditions though the similar description has been made in the items of defect map and the display of defect change 
with process. 

1 . Display on the kind-by-kind basis 

2. Display on the category-by-category 

3. Management reference value display 

[0197] A management reference value and statistical processed values such as an average and a deviation are dis- 
played. 

[0198] Further, in regard to displaying method, graph display or numerical display is selected. Setting of a manage- 
ment reference value is performed by the following two. 

• Values stored in the data base as inspection data are displayed. 

• Statistical processing calculated values of storing condition data are automatically set and displayed. 
[0199] In addition to these, the following conditions are specified at that time. 

[0200] A processing range is specified any one out of a period before the time point of calculation, cumulated proc- 
essed lots and number of cumulated processed wafers. The displayed value is selected any one out of average value 
and average value/ deviation. The automatically set management reference value is automatically unloaded to a related 
inspection apparatus by specification. 

[0201] In the embodiment of the present invention, when the input inspection data exceeds the management refer- 
ence value or a fluctuation state deviates from a specified reference, an alarm is set so as to automatically sound. 
[0202] The specified reference is selectively specified any one of the following. 

1 . A specified Cp/Cpk value is specified as a reference. 

2. In a case of occurrence of a special distribution, alarm is sounded when the state exceeds a certain level. 

3. When a defect occurrence frequency of a specified chip is high, alarm is sounded. 

4. When a defect occurrence frequency of a specified position of chips is high, alarm is sounded. 

5. When a defect occurrence frequency exceeds an allowable defect occurrence frequency, alarm is sounded. 

[0203] According to this embodiment, a defect chart or a map in a specially specified classified interval or specified 
time can be displayed. 

[0204] Further, a report on a specified item is issued with a predetermined time interval and a predetermined format. 



18 



EP 0 910 123 A1 



(3) Wafer outer appearance - yield correlation analysis data: 

[0205] In this embodiment, a construction for estimating a yield of wafers or chips from defects in the wafers or the 
chips is disclosed. The details will be described below. 
5 [0206] The semiconductor manufacturing tine comprises a plurality of treating processes and a plurality of inspection 
processes, and semiconductors are completed through these processes. 

[0207] In the mid time of processing, a yield at the time when wafers or lots are completed is calculated based on 
inspection data of process defects having obtained from the inspection processes before the present time and a budg- 
etary yield of the following processes. The calculation result that is, the estimated yield is used, for example, as follows. 

w When the estimated yield is lower than an initial planned value, the wafer or the lot is taken away from the process line 
in the middle of the processes and a new wafer or lot is additionally prepared in order to make up the deficient produc- 
tion quantity. The taken-away wafer is used in fault analysis or the like in order to make the cause of fault clear. On the 
contrary, when the estimated yield is substantially larger than the initial planned value, measures such as reducing 
number of the following wafers or lots or stopping the manufacturing in order to adjust the production quantity. 

is [0208] Such manufacturing management can reflect to more improve the production efficiency as the accuracy of the 
yield calculation is higher. However, the yield calculation as described above is mostly depending on a sense of an engi- 
neer obtained by his experience, and accordingly it is not what anyone can do. 

[0209] In order to solve this problem, in the present invention, there are provided a means for respectively classifying 
defects into combinations of elements characterizing wafer defects and a predetermined yield correlation table which 

20 shows a yield of wafers or chips on a wafer to the combination of the defect elements. 

[0210] The above will be described in detail below, referring to FIG. 9. FIG. 9 is a block diagram showing a flow of 
data in a semiconductor manufacturing line. Here, the review is a process for reconfirming whether or not the inspection 
results obtained in the inspection processes are proper, or a process for checking defects recognized by the inspection 
results in detail. In the embodiment of the present invention, the review is performed based on sample images obtained 

25 mainly by a scanning electron microscope for reviewing. The sample image is registered in the image file. 

[021 1 ] According to this embodiment, defect classification codes are determined according to defect detecting results 
obtained from the review and the inspection processes. This is the defect classification in the present invention. The 
defect classification code means a combination of the defect elements described previously. The defect element means 
an item obtained by fragmenting the defect characteristic item as shown in FIG. 10. 

30 [021 2] The review and the defect detection are practically performed according to the flowchart shown in FIG. 6. A 
process defect detection result obtained by the pattern defect inspection apparatus or the extraneous substance 
inspection apparatus on the inspection process is registered in the data base as inspection data based on position coor- 
dinate data of a process defect transmitted from the data base, the review apparatus performs positioning of the defect, 
forming of an image (including judging whether or not the process defect detection result is false information), classrfi- 

35 cation of the defect from the image and transferring the result to the data base. 
[0213] Then, 

the defect classification code is registered in the data base as a classification code for the defect. 

[0214] Methods of determining characteristics obtained from the image information considered are the following two. 

40 1 . Classifying by an operator through observing a defect image. 
2. Automatically classifying by a computer. 

[0215] In the above item 1, the defect image and the classification code - characteristic item corresponding table 
shown in FIG. 10 are displayed on the display unit of, for example, the analysis station or the review apparatus of FIG. 
45 1 , and the operator fills out items of the corresponding table while observing the defect image. When the input is com- 
pleted, characteristic obtained from the image information of the defect image is determined by comparing with classi- 
fication code to each of the combinations of characteristic items pre-registered. In this case, a model defect image may 
be installed in the defect classification table. 

[0216] In the above item 2, a model defect image corresponding to each of the classification codes (a plurality of 
so model defect images may correspond to one classification code) is pre-stored in, for example, the inspection data base/ 
the image file, and a defect image is compared with the model defect images. If there is a model defect image judged 
to be similar, the defect is classified to the classification code. If a neuro-computer or a fuzzy computer is used for the 
computer used in the classification, a learning function to improve accuracy of classification can be given to the com- 
puter by checking the input model defect and the validity of the classification result and by making the computer learn 
55 the correct result. 

[0217] Practically, a defect classification table is formed using characteristic items extracted from the image informa- 
tion such as shape of defect, size, color, composition, structure and the like and characteristic items extracted from the 
inspection information such as defect producing process, defect distribution on wafer surface, defect occurrence posi- 
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tion and the like, and defect classification is performed by checking an extracted characteristic of the detected defect 
with the defect classification table. 

[0218] Particularly, by classifying defect shapes not into geometrical characteristics but into types based on short cir- 
cuit, line break, projection, chipping-off. pin hole, isolation, the fatal defect can b appropriately classified. 
[021 9J The size is classified not by absolute dimension, but characterized by dividing into degrees, for example, in a 
case of projecting defect, dividing into below 1/3 of wiring space, 1/3 to 2/3 and above 2/3. By characterizing the defect 
shape and the defect size by the above-mentioned elements and the degree instead of the geometrical characteristics 
and the absolute dimension, classification having a strong correlation with the yield can be realized. In other words, the 
key point of accurate prediction is to employ a defect classification method having a high validity, that is, to perform clas- 
sification having a high yield correlation. 

[02201 The fatal defect means a defect inducing an operating fault of an LSI. By dealing with the analysis information 
by unifying with the image information as described above, it makes easy to construct a data base and to perform 
design work of data analysis software. Further, by connecting the physical analyzer group to the communication net- 
work and collecting analysis information relating to composition of defect portion/ chemical bonding state and structure, 
the defect classification at SEM reviewing can be performed more appropriately. 

[0221 1 In a case of this embodiment, the defect classification is performed according to the flowchart of FIG. 1 1 . In a 

case of FIG. 1 1 , the inspection information registered in the data base is read out together with the defect information 

obtained by the review apparatus, and the information is checked with the information items as shown in FIG. 10, and 

classification codes agreeing with these conditions are given as defect classification codes of the defects. 

[0222] Since the defect classification codes determined as described above respectively have pre-registered yield 

predicted values (a table of fault occurrence probability on the defect classification code basis), yield predicted values 

based on the defects are determined based on the pre-registered yield predicted values. 

[0223] The predicted values are grouped on the chip basis and calculated as predicted yield values. 

[0224] In this embodiment, it is necessary to form a defect classification code - yield value correlation table in advance 

in order to predict yields. The procedure will be described below, referring to FIG. 14. 

[0225] Initially, a causal relationship between a defect and a fault caused by the defect is obtained in advance, and a 
yield needs to be confirmed using the relationship. Therefore, it is necessary to know the operating test result obtained 
from the operating testing apparatus and the defect causing the operating test result. However, there is a problem in 
that since the operating testing apparatus is operated by logical address, positional relationship between the both is 
unclear and accordingly the defect causing the fault is difficult to be specified. 

[0226] Therefore, according to the present embodiment, the problem is solved by separately registering the inspection 
data collected by the apparatus operated by logical address and the inspection data collected by the inspection appa- 
ratus and the testing apparatus operated by physical address (by dividing the data base into two), and by arranging the 
logical positional coordinate - physical positional coordinate conversion table described in the item of yield analysis data 
between the both data bases. 

[0227] Similar to the work at reviewing described above, in this embodiment a defect classification table (defect clas- 
sification code) is formed based on characteristics obtained from the inspection data obtained in the inspection appa- 
ratus and characteristics obtained from the image information obtained in the review apparatus. Then, the table of fault 
occurrence probability on the defect classification code basis is formed by checking the operating test result having the 
physical positional coordinate data using the logical positional coordinate - physical positional coordinate conversion 
table described above. 

[0228] This probability table is used for the yield prediction as described previously. Each of the characteristic items 
is corrected by comparing with the actual result, which is to be described later. 

[0229] In this embodiment, the defect size calculation equation can be defined by specifying a defect size or meas- 
ured value condition described above in the item of yield analysis data when a wafer having extraneous substance par- 
ticles attached or a size of pattern defect (defect size) is determined. 

[0230] This is because a probability to cause a fault is different depending on a pattern concerned even if the defects 
are similar to each other. For example, a defect having a long length in x-direction has a probability to cause a fault 
higher to a line-and-space pattern in y-direction than to a line-and-space pattern in x-direction. That is, even if the 
defects are similar to each other, the defect classification should be performed so as to meet the object to be analyzed. 
In this embodiment, in taking such a condition into consideration, classification most suitable to the yield prediction can 
be performed on defect size by defining the defect size calculation equations. 

[0231] Further, in this embodiment, a data area in a chip used fir analysis at data analyzing can be specified, For 
example, an area may be divided into a high pattern density area and a low density pattern area, or a memory cell area 
and a peripheral circuit area of a memory LSI, or a gate area and a wiring area of a gate array. 
[0232] As for the pattern density, that is, an isolation degree, data formed at pattern forming can be diverted. For 
example, in a case where a pattern is formed using an electron beam patterning apparatus, a quantity of exposure is 
determined depending on a pattern density in order to reduce deterioration in the fidelity of pattern due to the proximity 
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effect. It can be considered that the pattern forming apparatus such as an electron beam patterning apparatus is online 
connected to the system, and pattern density data obtained from the pattern forming apparatus is used for data analy- 
sis. 

[0233] The yield predicting value obtained in such a manner is grouped on the chip bases as shown in FIG. 12 and 

5 finally grouped on the wafer basis to form a wafer map as shown in FIG. 1 2. 

[0234] The defect classification codes in this embodiment are corrected by comparing with the actual result, as 
described previously. The accuracy of defect classification (the defect classification table and the model defect) means 
a strength of correlation between classification and fault. That is, it can be said that the more accurate the defect clas- 
sification is, the stronger the correlation between the classification and the fault is. Having a stronger correlation means 

10 having capability of predicting a, more accurate yield. In the present invention, in order to obtain a strong correlation, 
the inspection information such as defect producing process and the defect - fault analysis information such as com- 
position of a defect portion are used in addition to the characteristic extraction from the review image information such 
as defect shape when defects are classified. Further, in order to obtain a stronger correlation, the defect classification 
codes are continuously optimized. 

is [0235] The optimization is performed, for example, using a method to be described later by checking the defect clas- 
sification or the yield prediction result with a yield of chip having defects or an actual result of fault. The items, contents 
and model defects in the defect classification table are reviewed any time so as to attain a better correlation. 
[0236] It is preferable to provide a function which is capable of adding on the chip basis and displaying defects re- 
counted setting net defects (defects produced in the present process) and/or clustering defects to a predetermined 

20 number (0, 1 number of chips covered by the clustering) using the defect classification code as a key when the 

defect classification codes are determined and the validity (correspondency with fault mode) is checked. In a case of 
the present embodiment, number in each of the defect classification codes registered in the data base is added on the 
chip basis or on the specified area basis by the analysis station which has a function to execute the above calculation. 
[0237] The reason why the net defects and the clustering defects are counted in a manner as described above is 

25 based on an empirical knowledge that "good correlation with a yield can be attained by performing such a counting". 
[0238] For example, FIG. 13 (a) shows an example in which defect classification code is taken in the abscissa and 
number of chips having the defect or fault ratio is taken in the ordinate for wafers within a predetermined retrieving range 
in taking fault mode as a parameter. This embodiment also has a function to perform such a display. 
[0239] In FIG. 13 (a), if a specified defect classification code has a strong correlation with the fault ratio, it indicates 

30 that the defect classification is appropriate in that degree. If any defect code has no strong correlation with the fault ratio, 
it indicates that the defect classification is inappropriate. If faults are classified so as to have a strong correlation with a 
specified defect code, a cause of producing defects can be easily detected and accordingly the yield can be improved 
in a short time, and the yield can be accurately predicted. 

[0240] In this embodiment, the correlation between defect code and fault can be made stronger by re-setting the 

35 defect classification codes. 

[0241] Therefore, classification codes not existing before are newly set and a function to register them is provided. 
This function is that the operator fills out each of the characteristic items as shown in FIG. 10 at the analysis station, 
and new defect classification codes are formed by adding new classification codes to combinations of the new charac- 
teristic items (elements). The newly formed defect classification codes are registered in the data base. 

40 [0242] If new defect classification codes are set and a stronger correlation can be obtained by the new classification 
codes, the classification is performed more appropriately. A state obtained by the strong correlation here means a state 
that in FIG. 13 (a), number of defects having a specified classification code is extremely increased compared to number 
of defects having another classification code. 

[0243] In a case of an LSI having a rescue function such as a D-RAM product, it is possible to use a fault chip rescue 
45 ratio instead of the fault ratio. By doing so, the yield improving effect by rescue can be introduced in the yield prediction. 
The rescue is performed in such a manner that a wire of a failed circuit is cut using a laser for working and connected 
to a redundant circuit for rescue. Therein, the fault or fault chip rescue ratio sometimes depends on number of defects 
in the chip. In such a case, number of net defects in a chip described above is displayed in addition to the fault mode. 
[0244] Further, in order to roughly perform a yield prediction, it is preferable to provide a function capable of adding 
so and displaying defects re-counted by setting number of net defects and/or clustering defects to a predetermined number 
on the wafer basis as a key of an average number of defects per wafer or a defect density. 

[0245] For example, FIG. 13 (b) shows an example in which average number of defects per wafer or chip is taken in 
the abscissa and average yield per lot is taken in the ordinate for wafers within a predetermined range in taking defect 
size as a parameter. By seeing the figure, from data on number of defects in an inspected wafer concerned, a yield of 
55 the wafer can be easily estimated. Fault ratio may be taken in the ordinate instead of average yield. Failed chip rescue 
ratio may be also taken in the ordinate. 

[0246] In calculating the average value, it is not always necessary to average values over all the wafers in a lot. One 
wafer having the data may represent an average value. 
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[0247] Further, the present invention provide the following function for yield prediction. 

[0248] Based on the result of checking between defect inspection data and operating test data, a fatal ratio of each 
chip is calculated to predict a yield of a wafer. In the prediction, the defect map on the basis of defect classification code 
and defect classification code - yield scatter diagram are used. 
s [0249] The predicted results of a yield value and a fault ratio are displayed in the forms of map and chart. 

[0250] The wafer outer appearance - yield analysis data displays defect - defect correlation or defect - yield correlation 
based on the defect inspection data and the operating test data. The wafer outer appearance - yield correlation analysis 
is composed of functions of scatter diagram and correlation coefficient diagram in addition to data base retrieving. 

10 a. Scatter diagram: 

[0251] A scatter diagram displays correlation between defect and yield. The following are displayed. 

(a-1) Defect - defect scatter diagram: Scatter diagram is displayed by taking number of defects/size of defect or 
is measured value/defect classification code in the abscissa, and by taking number of defects/size of defect or meas- 
ured value/defect density or defect probability/defect fault ratio in the ordinate. The same item may be taken in both 
of the ordinate and the abscissa. 

(a-2) Defect - yield scatter diagram: Scatter diagram is displayed by taking number of defects/size of defect or 
measured value/defect density or defect probability/defect fault ratio or defect classification code in the abscissa, 
20 and by taking yield in the ordinate. 

[0252] The scatter diagram has the following sub-menu. 

1 . Classification display 

25 

[0253] Data is displayed by selecting the data from the following and using AND condition when a plurality of items 
are specified. 

• Wafer classification: 0 all wafers, © wafers in the same lot, © classification on the specified wafer basis. 

30 • Operating test process classification: 0 all operating test processes, © classification on the specified operating 
test process basis. 

• Fault classification: 0 all faults, © DC faults, © function faults, ® fault classification code basis. 

Inspection process classification: 0 all processes, © classification on the specified process basis, © a process 
at present time, @ processes before the process at present time. 
35 • Defect classification: 0 all defects, © fatal defects, © non-fatal defects, ® defect classification code basis. 

• Defect size/measured value: 0 all defects or all measured values, © upper limit, © lower limit, 0 range. 

• Inspection data range: presence/absence of area specification. 

2. Management reference value display: 

40 

[0254] A management reference value and statistical processed values such as average value and deviation are dis- 
played. 

[0255] Display method, management reference value setting method and alarm method are selected from the follow- 
ing. 

45 

Display method: 0 graph display, © numerical display. 
Management reference value setting method: 

Values stored in the data base as inspection condition data are displayed. Statistical processed values of the 
stored operating test data are calculated, and automatically set and displayed. 

50 

[0256] At that time, the following are specified. 

• Processing range: 0 period before the calculation time point, © number of cumulative processed lots, © number 
of cumulative processed wafers. 

55 • Display value: 0 average value, © average value/deviation. 

[0257] The automatically set management reference value may be automatically unloaded to the related operating 
testing apparatus on specification. 
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Alarm method: Alarm is automatically sounded when input operating test data exceeds a management reference 
value or a fluctuating state is deviated from a specified reference. 

[0258] The specified reference is specified from the following under OR condition. 
s [0259] (D Cp/Cpk value by specifying, © occurrence of special distribution, © high frequency of occurrence of fault 
in a specified chip, ® high frequency of occurrence of fault in a specified position in a chip, © allowable frequency of 
occurrence of fault. 

[0260] Yield data of a specified classification interval or a specified period is displayed in the form of a chart or a map. 
w 3. Basic statistical value display: 

[0261] Correlation coefficients are displayed on specification. 

4. Regression straight line display: 

15 

[0262] A regression straight line by minimum-square method is displayed on specification. 

5. Automatic reporting: 

20 [0263] A report on a specified item is automatically issued with a predetermined time interval and a predetermined 
format. 

(b) Correlation coefficient diagram: 

25 [0264] Correlation coefficients of defect inspection data - defect inspection data, defect inspection data - yield data 
are displayed. 

[0265] The following sub-menus are provided. The contents of the sub-menu follows those of the scatter diagram 
described above. 

30 1. Classification Display 

2. Management reference value display 

3. Basic statistical value display 

4. Regression straight line display 

5. Automatic reporting 

35 

[0266] Although the examples have been described in connection with semiconductor device manufacturing, the 
above can be applied to process management of display devices, camera devices and so on in addition to the semicon- 
ductor devices. 

40 (4) Download of commonly used data: 

[0267] The system of the present invention has the following two functions for downloading data commonly used in 
each of the inspection apparatuses to each of the apparatuses. The outline will be described below. 
[0268] A first function is executed as follows. 

45 [0269] In the inspection apparatus A connected to the communication network of FIG. 1, an operator A inspects 
wafers by changing an inspection condition based on work instruction. After completion of the inspection, the operator 
A transmits and registers the changed inspection condition to the data base 1 together with the inspection data. The 
analysis station 3 notifies pre-designated apparatuses B, C, ... belonging to the same group as the apparatus A that the 
inspection condition has been changed. When an operator B starts inspection work at the inspection apparatus B, the 

so notice that the inspection condition has been changed is displayed on the display unit of the analysis station. The oper- 
ator B reads out the new inspection condition from the data base and updates the inspection condition of the inspection 
apparatus B. Then, the operator B inspects wafers under the new inspection condition. 

[0270] This function is that the analysis station notifies pre-designated apparatus group that the inspection condition 
has been changed. The inspection apparatus connected to the communication network has a means for displaying the 
55 notice. 

[0271 ] A second function is executed as follows. 

[0272] In the inspection apparatus A, an operator A inspects wafers by changing an inspection condition based on 
work instruction. After completion of the inspection, the operator A transmits and registers the changed inspection con- 
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dition to the data base together with the inspection data. The analysis station transmits the new inspection condition to 
pre-designated apparatuses B, C, ... belonging to the same group as the apparatus A to rewrite the inspection condi- 
tions. 

[0273] By this function, the data base and each of the inspection apparatuses connected to the communication net- 

s work can rewrite the inspection conditions. 

[0274] The semiconductor manufacturing line has a specific characteristic that a plurality of inspection apparatuses 
of the same kind are connected, and species data and wafer data are commonly used in each of the inspection appa- 
ratuses connected to the communication network. By providing the function described above, even if data is corrected 
or changed in one of the inspection apparatuses, apparatus data in the inspection apparatuses of the same kind is cor- 

10 rected or changed. Therefore, the input work and the probability of input miss can be substantially reduced, 

(5) Automatic reporting : 

[0275] Issue of report described above is performed as follows. The automatic reporting will be described below, refer- 
is ring to FIG. 15. 

[0276] An operator presets a table determining date to issue a report and data retrieving condition, graph forming con- 
dition and graph printing condition for forming the report. The following program is automatically executed based on the 
setting. 

[0277] The analysis station reads time by a clock in the system. A preset specified time initiates the following program 
20 to be executed. 

[0278] The table of retrieving condition, graph forming condition and graph printing condition preset by the operator 
is read out at specified time. Then data is retrieved according to these conditions. Similarly, graph displays or print out- 
puts are output to pre-designated clients according to these conditions. 

[0279] According to the present invention, by existence of the function described above, it is possible to periodically 
25 monitor the semiconductor manufacturing line the state of which is changed every moment. 

[0280] In order to attain a high yield and stable production in the semiconductor manufacturing line, a level of the man- 
ufacturing process needs to be managed highly accurately. However, the highly accurate level management increases 
number of items to be managed, and accordingly burden to the management is increased. Therefore, it is required to 
reduce the management burden. The above-mentioned automatic reporting is a function to be a help of reducing the 
30 burden. 

(6) Setting of management reference value: 

[0281 ] The setting of the management reference value described above is performed as follows. 
35 [0282] The setting of the management reference value will be described below, referring to FIG. 1 6. 
[0283] An operator presets and registered the following to the data base. 

[0284] Objective ranges are set according to the degrees of importance. The objective ranges are management items, 
management reference value monitoring ranges (cumulative number of wafers, cumulative number of lots, period and 
so on). A scatter diagram between each of the management items and the yield is used to review and select the man- 

40 agement items. An allowable frequency of deviation from reference is set fa each of the objects. The references are an 
upper limit for the existing type defects and a deviation for the state type defects. A reference for calculating new refer- 
ence values is set. The reference is new reference value setting ranges (cumulative number of wafers, cumulative 
number of lots, period and so on) and a frequencies deviating from reference under the new reference. 
[0285] Based on the above set values, the change in the contents of the management reference value monitoring 

45 ranges initiates the following program to be automatically executed. 

[0286] Data within the objective ranges is retrieved. The frequency deviating from reference is judged. If the frequency 
deviating from reference is below a set value, new management reference values are calculated and permission of 
starting manufacturing under the new management values is asked to the operator. Then the manufacturing under the 
new management values is started on an operator's instruction to the inquiry. 

so [0287] In order to attain a high yield and stable production in the semiconductor manufacturing line, a level of the man- 
ufacturing process needs to be managed highly accurately. However, the highly accurate level management increases 
number of items to be managed, and accordingly burden to the management is increased. Therefore, it is required to 
reduce the management burden. The function of setting the management reference values described above is a func- 
tion to be a help of reducing the burden. 

55 

(7) Alarm sounding: 

[0288] The alarm sounding function described above is performed as follows. 
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[0289] The alarm sounding will be described below, referring to FIG. 1 7. 
[0290] An operator presets and registered the following. 

[0291 ] Objective ranges are set according to the degrees of importance. The objective ranges are management items, 
management reference value monitoring ranges (cumulative number of wafers, cumulative number of lots, period and 
s so on). A scatter diagram between each of the management items and the yield is used to select and review the man- 
agement items. Next, an alarm and a caution generating reference values are set for each of the objects. The refer- 
ences are an increase and a degree of deviation for the existing type defects, and an increase, a decrease and a 
deviation for the state type defects. 

[0292] Based on the above reference values, the change in the contents of the monitoring ranges initiates the follow- 
10 ing program to be automatically executed. Data within the objective ranges is retrieved, and trends of increase, 
decrease and deviation are judged according to the following procedure. 

[0293] Change of data is approximated by a quadratic curve. The second derivative of the approximate curve is cal- 
culated. 

[0294] A deviation is calculated from the approximate curve of the change of data. The second derivative and the devi- 
is ation are compared with the alarm and the caution generating reference values. 

[0295] If the second derivative or the deviation is deviated from the alarm or the caution generating reference value, 
an alarm or a caution is generated and data related to the management item of the alarm or the caution is retrieved and 
output. 

[0296] In order to attain a high yield and stable production in the semiconductor manufacturing line, a level of the man- 
20 ufacturing process needs to be managed highly accurately. However, the highly accurate level management increases 
number of items to be managed, and accordingly burden to the management is increased. Therefore, it is required to 
reduce the management burden. The function of generating alarm described above is a function to be a help of reduc- 
ing the burden. 

25 Claims 

1 . A process management system comprising a plurality of inspection apparatuses for inspecting defects on a wafer, 
said inspection apparatuses being connected through a communication network, each of said inspection appara- 
tuses being arranged between manufacturing processes, inspection information and image information obtained 

30 from said inspection apparatuses being collected to construct a data base and an image file, which further com- 
prises means for classifying the defects by combinations of elements characterizing the defect based on the 
inspection information and the image information obtained from said inspection apparatuses. 

2. A process management system according to claim 1 , which comprises means for calculating a yield of any one of 
35 wafer and chip having defects from said combination of elements characterizing the defects obtained from said 

means for giving definition of defect. 

3. A process management system according to claim 1 , wherein said definition of defect is given based on selection 
of a defect by said apparatus, connected to said communication network, for selecting an arbitrary defect on the 

40 wafer. 

4. A process management system according to claim 1 , which comprises means for calculating a yield of any one of 
wafer and chip having defects from said combinations of elements characterizing the defect obtained from said 
means for giving definition of defect said calculating means comprising means for setting said combinations of ele- 

45 ments characterizing defects and yields to said combinations. 

5. A process management system according to claim 1 , wherein said element characterizing the defect is an image 
characteristic of the defect which is derived based on the inspection information obtained from the inspection appa- 
ratus connected to said communication network and the image information obtained from the inspection apparatus. 

50 

6. A process management system according to claim 1, wherein said means for recognizing a combination of ele- 
ments characterizing the defect obtains said elements based on said inspection information and said image infor- 
mation. 

55 7. A process management system according to claim 1 , wherein said means for giving definition of defect comprises 
said means for setting a combination of elements characterizing the defect. 

8. A process management system according to claim 1 , which comprises a computer for adding number of defects for 
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each of said combinations of elements characterizing the defect. 

9. A process management system according to claim 1, which comprises a function for displaying each of elements 
which said combinations of elements characterizing the defect have. 

5 

10. A process management system comprising an inspection apparatus for detecting physical positional coordinates 
of a defect on a wafer; and an operating testing apparatus for detecting an operating state of a chip on the wafer, 
said inspection apparatus and said operating testing apparatus being connected through a communication net- 
work, inspection information and image information obtained from said apparatuses being collected to construct a 

10 data base and an image file, which further comprises at least one of means for specifying said physical positional 
coordinates on the wafer based on logical positional coordinates obtained from said operating testing apparatus 
and means for specifying logical positional coordinates of said operating testing apparatus based on physical posi- 
tional coordinates obtained from said inspection apparatus. 

is 1 1 . A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises a selecting means for selecting an equation used for calculation processing out of a plurality of pre- 
stored calculation equations when size of a defect is specified based on an image of said defect obtained from said 

20 inspection apparatus. 

12. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 

25 comprises an apparatus for displaying any one of defects and defect areas on said wafer having different informa- 
tion by distinguishing from any one of the other defects and the other defect areas based on information on kinds 
of said wafers registered in said data base. 

13. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
30 tion apparatuses being connected through a communication network, inspection information and image information 

obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises an apparatus for displaying at least one of defects and defect areas on said wafer having information on 
wafer kinds registered in said data base and having the same information by distinguishing from any one of the 
other defects and the other defect areas. 

35 

14. A process management system according to claim 13, wherein said same information is information on the basis 
of process performing the same treatment process among treatment processes performing to said wafers in wafer 
processing apparatuses connected to said communication network. 

40 15. A process management system according to claim 13, wherein said information on wafer kinds is information on 
the basis of inspection process performing the same inspection among inspection processes of said inspection 
apparatuses. 

16. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
ts tion apparatuses being connected through a communication network, inspection information and image information 

obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises an apparatus for recognizing positional information of said defect based on image information obtained 
by said inspection apparatus and registered in said image file, and for displaying any one of defects and defect 
areas having specific positional information based on said positional information by distinguishing from any one of 
so the other defects and the other defect areas. 

17. A process management system according to claim 16, wherein said specific positional information is positional 
information of clustering defects existing on said wafer. 

55 1 8. A process management system comprising a plurality of treatment processes, a plurality of inspection apparatuses 
for inspecting defects on a wafer between said treatment processes being connected through a communication net- 
work, inspection information and image information obtained from the apparatuses being collected to construct a 
data base and an image file, which further comprises an apparatus for specifying and displaying said defects on 
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the wafer on the treatment process basis based on data on the wafer-by-wafer basis having information on after 
which treatment process among said plurality of treatment processes said inspection stored in said data base has 
been performed. 

5 19. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises an apparatus for displaying defects inspected in an apparatus for performing inspection by specifying an 
arbitrary defect among said inspection apparatuses by distinguishing the other defects. 

w 

20. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises a display apparatus having a function for displaying information obtained by an apparatus for inspecting 

is said wafer by an optical means among said inspection apparatuses together with an image obtained by an appa- 
ratus capable of obtaining an defect image by scanning a charged particle beam among said inspection appara- 
tuses when the image is displayed. 

21 . A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
20 tion apparatuses being connected through a communication network, inspection information and image information 

obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises means for specifying a characteristic of defect depending on kinds of said inspection apparatuses. 

22. A process management system comprising a plurality of inspection apparatuses for inspecting defects on a wafer, 
25 said inspection apparatuses being connected through a communication network, inspection information and image 

information obtained from said inspection apparatuses being collected to construct a data base and an image file, 
which further comprises a function for downloading data registered in said data base and common to said plurality 
of inspection apparatuses though said communication network. 

30 23. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file; and a client 
for receiving supply of data from the data base and the image file, which further comprises a function for transmit- 
ting the data by enciphering the data when the data is transmitted to said client. 

35 

24. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 
comprises a function for issuing a report in an arbitrary format of specified information from any one of said data 

40 base and said image file. 

25. A process management system comprising inspection apparatuses for inspecting defects on a wafer, said inspec- 
tion apparatuses being connected through a communication network, inspection information and image information 
obtained from said inspection apparatuses being collected to construct a data base and an image file, which further 

45 comprises means for predetermining an allowable range of inspection information obtained from said inspection 
apparatus; and means for generating an alarm when said inspection information deviates from said allowable 
range. 
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FIG.9 
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FIG. 10 
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FIG. 1 1 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG.16 

MANAGEMENT REFERENCE VALUE SETTING FUNCTION 
(PERFORMED IN AS) 



» MONITORING CHANGES IN CONTENTS WITHIN PRE-SPECIFIED MONITORED RANGE 



MONITORED RANGE : TOTAL NUMBER OF PROCESSED 
WAFERS/NUMBER OF LOTS, TIME 
PERIOD DEFINED BY SETTING 
-WHETHER CONTENT\_ PRESENT TIME AS STARTING 
WITHIN MONITORED POINT 
.RANGE CHANGES? 

^EXAMPLE : INPUTTING NEW LOT DATA 



EXTRACTING PRE-SPECIFIED MANAGEMENT ITEM DATA WITHIN MONITORED RANGE 



EXAMPLE 



^ — _ LOT NUMBER 
FREQUENCY OF OCCURRENCE OF 
DEVIATION FROM REFERRENCE VALUE^n 
N^FREQUENCY OF OCCURRENCE OF 
DEVIATION FROM REFERRENCE VALL 



EXISTING TYPE DEFECT : UPPER LIMIT 
STATE TYPE DEFECT : AVERAGE VALUE AND 

VARIATION VALUE 

n,N ARE PRESET VALUES 



EXAMPLE: * " 



LOT NUMBER 



SETTING NEW MANAGEMENT REFERENCE VALUES 



EXAMPLE: & f 




LOT NUMBER 



STARTING MANUFACTURING WITH NEW MANAGEMENT REFERENCE VALUES 




COUNTERMEASURES 



42 



EP 0 910 123 A1 



FIG. 17 
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